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‘Christmas-Rose’ leaf SEM cross-section; Science Photo Library (SPL)



a chloroplast

‘Christmas-Rose’ leaf SEM cross-section; Science Photo Library (SPL)



A mitochondrion—one of many tiny power-houses within cells that control our lives in surprising ways
   © Ina Schuppe-Koistinen



 

 

 

 



 

 

 

 

Mitochondrial matrix

Cytosol



Comparison of mitochondrial genomes
Less complex mitochondrial genomes encode subsets of the proteins and ribosomal RNAs that are encoded by larger mitochondrial 
genomes. There are only four genes present in all known mitochondrial genomes; these encode ribosomal RNAs (rns and rnl), 
cytochrome b (cob), and a cytochrome oxidase subunit (cox1). Adapted from M.W. Gray et al., Science 283:1476-1481, 1999. With 
permission from AAAS.
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Bioenergetic organelle



Bioenergetic organelle Allen JF (1993) Control of Gene Expression by Redox Potential and the Requirement for 
Chloroplast and Mitochondrial Genomes. Journal of Theoretical Biology 165: 609-631
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Problem: Why are there genes in mitochondria and chloroplasts?

Proposed solution (hypothesis): The location has an 
advantage, since energy conversion, in order to be both safe 
and efficient, requires a set of proteins whose genes reside 
with them, in the same compartment of the cell. 

CoRR - Co-Location for Redox* Regulation.

CoRR applies equally to mitochondria and chloroplasts  

*Redox reactions are chemical reaction in which an electron is transferred from one molecule to another 
- the basis of biological energy conversion.
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Co-location for Redox Regulation - CoRR

Prediction

Experimental results

Redox regulatory control of mitochondrial and 
chloroplast gene expression
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Allen, C. A. et al 

Redox Report 1, 119-123

35S-methionine labelling of newly synthesised proteins in pea leaf mitochondria
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Allen, C. A. et al 

Redox Report 1, 119-123

35S-methionine labelling of newly synthesised proteins in pea leaf chloroplast stroma



Co-location for Redox Regulation - CoRR

Prediction

Experimental results

Redox regulatory control of chloroplast and 
mitochondrial transcription
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Co-location for Redox Regulation - CoRR

Prediction

Experimental results

Persistence of “bacterial” redox signalling components 
in chloroplasts and mitochondria
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Puthiyaveetil S, Kavanagh TA, Cain P, Sullivan JA, Newell CA, Gray JC, Robinson C, van der Giezen M, Rogers MB, Allen JF (2008) The 
ancestral symbiont sensor kinase CSK links photosynthesis with gene expression in chloroplasts. 

Proceedings of the National Academy of Sciences of the United States of America 105: 10061-10066.
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CSK
• Chloroplast Sensor Kinase
• A Histidine sensor kinase 

homologous with Hik2 of 
cyanobacteria

• A Redox Sensor
• Sujith Puthiyaveetil
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“Errors” in electron transfer - transfers to the “wrong”  
electron acceptor - occur at fixed frequency.  

The products of these reactions damage mitochondrial 
genes, which then produce defective proteins, which 
then make more "errors" in electron transfer....damaging 
more genes, making more defective proteins....and so 
on.

The mitochondrial theory of ageing
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Problem: Mitochondrial Ageing predicts that offspring should 
inherit their mothersʼ acquired state of accumulated damage, 
but they evidently do not. Babies are not born at the physical 
age of their mothers. 

How can this be?

Proposed solution (hypothesis):   Separation of two sexes 
allows specialisation of mitochondria either as genetic 
templates (female germ line) or as energy-converters (male 
germ line). 

And they can never be both.

Why there are two sexes
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J. Theor. Biol. 
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Allen JF, and Allen CA. IUBMB Life 48: 369-372, 1999



Somatic, reproductive cloning will produce “elderly” offspring 
if somatic mitochondria are introduced into the oocyte.



Dolly, the Finn Dorset ewe, the first mammal to be cloned from an adult cell. Finn
Dorset sheep normally live to 11 or 12 years. Dolly had been suffering from lung
cancer and died of a drug overdose on 14th February 2003, aged 5. Dolly is
survived by three or four of her six lambs.
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Dolly, the Finn Dorset ewe, the first mammal to be cloned from an adult cell. Finn
Dorset sheep normally live to 11 or 12 years. Dolly had been suffering from lung
cancer and died of a drug overdose on 14th February 2003, aged 5. Dolly is
survived by three or four of her six lambs.

Obituary: Dolly the Sheep
http://www.nature.com/nsu/030210/030210-15.html

Somatic, reproductive cloning will produce “elderly” offspring 
if somatic mitochondria are introduced into the oocyte.
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– Mitochondria are maternally inherited

– Oocytes (eggs) carry protected, template mitochondria, and are 
therefore sequestered at an early stage in female development

– Females have a time-limited reproductive capacity - oocyte 
mitochondria become useless as genetic templates after a 
certain threshold of damage is reached

– Somatic, reproductive cloning will produce “elderly” offspring if 
somatic mitochondria are introduced into the oocyte. Dolly: 
6+5=11

– An immortal line of genetic template mitochondria in the female 
germ line; …  from egg back to egg

Separate sexes as mitochondrial division of labour
Predictions:
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Mitochondria and chloroplasts:

– evolved from bacteria

– are (photo)chemical fuel cells that provide all our energy

– retain their own genes and genomes in order to do so –
Co-location for Redox Regulation

– mostly destroy themselves (and, eventually, us) in 
consequence

– but might exist also in female germ lines as protected 
genetic templates, incapable of energy conversion, and 
from which all other mitochondria and chloroplasts derive

Summary
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John Burn (Newcastle Institute of Clinical Genetics). Quoted in 
The Times, 9th September 2005

Mitochondria:

– “…are not part of the genetic material that we consider 
makes us as human beings.” 

“My belief is that what we are doing is changing a battery that 
doesnʼt work for one that does….Changing the mitochondria 
wonʼt affect the important DNA.”
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Nick Lane. Power, Sex, Suicide. Mitochondria and the Meaning 
of Life. Oxford University Press. 2005.

Coda. Two views of mitochondria
View 2



Nick Lane. Power, Sex, Suicide. Mitochondria and the Meaning 
of Life. Oxford University Press. 2005.

Mitochondria:

Coda. Two views of mitochondria
View 2



Nick Lane. Power, Sex, Suicide. Mitochondria and the Meaning 
of Life. Oxford University Press. 2005.

Mitochondria:

– “…give striking new insights into why we are here at all, 
whether we are alone in the universe, why we have our sense 
of individuality, why we should make love, where we trace our 
ancestral roots, why we must age and die––in short, into the 
meaning of life.” 

Coda. Two views of mitochondria
View 2



A mitochondrion—one of many tiny power-houses within cells that control our lives in surprising ways
   © Ina Schuppe-Koistinen



a chloroplast

‘Christmas-Rose’ leaf SEM cross-section; Science Photo Library (SPL)
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The end. Thank you for listening.




